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ABSTRACT 
Introduction: 
Trauma, particularly Road Traffic Injury (RTI), is a leading cause of global death. African RTI mortality 
is among the highest in the world, at 28.3 deaths per 100 000 population. However, this burden of injury 
may be underestimated for the African region as only 7% of cause of death information is obtained from 
population based vital registration systems. The Verbal Autopsy (VA) method has been extensively used 
to assess maternal and child deaths in resource poor settings by analyzing the deceased's symptoms and 
circumstances as reported by family members. Here we present the validation and application of a VA 
tool to assess trauma burden in Lilongwe, Malawi, an urban sub Saharan African setting. 
Methods: 
A modified World Health Organization (WHO) VA tool was administered at the Kamuzu Central 
Hospital (KCH) morgue in Lilongwe, Malawi to family members of inpatient deceased. Two physicians 
assigned cause of death as ‘trauma’ or ‘non-trauma’ as well as a simplified ICD-10 code based on the 
Verbal Autopsy questionnaire. These assignments were compared to the ‘gold standard’ of physician 
review of hospital records using a kappa statistic. The validated tool was then applied to deceased from 
the community who were “brought in dead”  (BID) to the morgue. 
Results: 
The VA method had near perfect agreement with the hospital record in determining “trauma” versus 
“non-trauma” while there was moderate agreement when comparing types of death e.g cardiovascular 
disease versus infectious disease. When applied to the BID population, it showed a significantly higher 
percentage of RTI deaths in BID versus in-hospital deceased while the total trauma burden was similar in 
BID versus in-hospital deaths. 
Conclusion: 
This VA tool can accurately ascertain trauma-related mortality with almost perfect agreement. It provides 
information on the high burden of road traffic injury death that is not captured by hospital based trauma 
registries and reaffirms the great need for primary prevention and early care for the injured. To allocate 
resources for secondary trauma mortality prevention, VA of BID community deaths illustrates that pre-
hospital care must be improved in addition to continuing efforts at improving in-hospital care. 
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Background  
Injuries are recognized as a leading cause of global death and disability, with road traffic injuries 
(RTIs) being the greatest contributor [1]. Injuries due to road traffic crashes are estimated to be the second 
leading cause of lost disability-adjusted life years (DALYs) in developing countries by 2020 [2]. Injuries 
disproportionately affect adult males aged 15-59 years, thus impairing the most productive members of 
society in the developing world, who support not only economic growth but whose families’ health 
depends on them [3].  In 2004, RTIs were 2.2% of all deaths and ranked ninth in worldwide causes of 
death [4].  Mortality due to RTI in Africa is among the highest in the world, at 28.3 deaths per 100 000 
population while North America (Canada and U.S.) have a rate of 14.6 deaths per 100 000 population and 
Europe has the lowest mortality due to RTI at 11.0 deaths per 100 000 population [5]. However, this 
burden of injury may be grossly underestimated for the African region as only seven percent of cause of 
death information was obtained from population based vital registration systems [4]. 
Malawi, like many nations in sub-Saharan Africa, does not have a vital registration system. 
Information on injury or trauma mortality has previously been estimated based on police reports and 
hospital-based trauma registries [6]. This is an immense public health problem as any intervention to 
reduce trauma and/or injury burden does not have accurate data on the scope of the problem. Therefore, it 
is unclear to policy makers which interventions would be most effective to reduce the burden of injury 
and trauma. The first step in addressing the lack of data on the burden of injury in Malawi has been the 
establishment of hospital based trauma registries.  
In 2008, the University of North Carolina (UNC) in collaboration with Kamuzu Central Hospital 
(KCH) Department of Surgery established a trauma registry at the KCH casualty department. This trauma 
registry provided information of the type and burden of injury presenting to the hospital, which mirrored 
many patterns of injury in the region: primarily young males with RTIs and assaults as the leading cause 
of injury [7]. However, while the initial 2008 dataset only recorded three percent of patients as Brought In 
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Dead (BID; also know as Dead on Arrival), it is well documented that most deaths in low- and middle-
income countries go unrecorded and vital registration data, if recorded are often missing, incomplete or 
inaccurate [8].  Knowledge about the distribution of causes of death in a population is essential for public 
health planning, resource allocation and measuring the impact of interventions. Medically certified cause 
of death data are available for less than one third of over 58 million deaths occurring worldwide annually 
[4].  We recognized that in Malawi, similar to many other LMIC, rapid improvement of poorly 
performing vital registration system to accurately estimate the burden of trauma is not realistic. Although 
attaining quality vital registration data remains our long-term goal, alternative methods of ascertaining 
and estimating trauma burden at the population level must be used in the interim.   
Verbal autopsy (VA) is an indirect method of ascertaining biomedical causes of death from 
information on symptoms, signs and circumstances preceding death, obtained from the deceased’s 
caretakers. During the 1980s and early 1990s, it had been widely used as a method of ascertaining causes 
of death in children in places where the majority of deaths occur without medical supervision  [3, 9-13]. 
However, due to the predominant use of estimates and modeling to provide cause of death information for 
LMIC, particularly in sub-Saharan Africa, there was a growing interest in the use of VA in the context of 
disease surveillance and vital registration systems, particularly for causes of death in adults [8].  We 
decided to use verbal autopsy of adult deaths presenting to the KCH mortuary to augment the findings of 
the KCH trauma registry, and ultimately develop a better measurement of the burden of trauma in 
Lilongwe, Malawi. We hypothesized that the burden of trauma related deaths in the community exceeds 
inpatient trauma deaths due to the absence of pre-hospital care or resuscitation. Those traumas arriving to 
the hospital have already exceeded the “golden hour” so they are most likely to survive, whereas the 
severest traumas, particularly due to RTIs, die en route to the hospital. We report here the validation of 
the UNC/KCH verbal autopsy questionnaire and its application to assess the burden of trauma in those 
brought in dead to the KCH mortuary over a three-month period. 
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Materials and Methods 
Study area and population 
Malawi is a landlocked nation in the southeast region of sub Saharan Africa with a population of 
16 million on a land area of 90, 080 square kilometres, making it one of the most densely populated 
nations in sub Saharan Africa [14]. This study was conducted at Kamuzu Central Hospital (KCH), a 600-
bed tertiary care centre situated in Lilongwe, the capital city of Malawi with a catchment population in 5 
million people in the central region.  There is a 4-bed intensive care unit (ICU), a 4-bed surgical high 
dependency unit (SHDU), and three surgical, one orthopedic adult ward and three pediatric surgical 
wards. There is no pre-hospital care system in Malawi and minimal basic life support measures are 
available prior to hospital arrival. 
The KCH mortuary is located on the main hospital grounds. It is staffed by a director as well as 
three to four assistants who embalm and prepare bodies for burial.  All inpatient deaths are brought to the 
mortuary by hospital staff while community deaths or brought-in-dead patients are brought to the 
mortuary by family members, bystanders or police, and kept at the mortuary until families collect the 
bodies for burial. Many Malawians prefer to be buried in their home village, even if urban dwellers, 
therefore the main element determining the time to body collection is the ability of the family to pay for 
transport to the home village.  
Interview Process 
The UNC/KCH Verbal Autopsy (VA) study was designed so that interviews of family members 
would occur at the time of body collection. We adapted the World Health Organization (WHO) Verbal 
Autopsy tool for adult deaths to the local situation; while the WHO VA tool had been previously 
validated, we validated of the modified WHO VA tool in a mortuary setting to assess the burden of 
trauma mortality. The UNC/ KCH verbal autopsy questionnaire included both open narrative and closed 
questions (Appendix I). The narrative questions recorded explanations of the circumstances of death 
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while the closed questions dealt with specific symptoms and conditions. Interviewers administered the 
questionnaire to those who had witnessed the deaths and/or took care of the deceased at the time of body 
collection from the KCH mortuary.  
All interviewers had both completed secondary school education and were fluent in the local 
language, Chichewa. They had no medical training to eliminate the possibility of attribution bias. They 
were trained in how to approach grieving respondents and request interviews. A supervisor coordinated 
the interviewer activities, oversaw data collection process and checked questionnaires for completeness, 
as well as randomly witnessing about 5% of interviews to assure quality control. In most cases, data was 
collected within one week of death. Those respondents who were too despondent to respond immediately 
were offered a telephone interview at a later date.   
Validation of UNC/KCH Verbal Autopsy Questionnaire 
We used physician certified verbal autopsy (PCVA) to assign cause of death based on the 
UNC/KCH Verbal Autopsy questionnaire. Historically, the gold standard for cause of death assignment in 
a vital registration system is physician or hospital assigned cause of death (HCOD). In order to validate 
PCVA, we compared how it performed against HCOD for the same patient subset. 
 Physician certification of VA questionnaires 
Physicians with experience working in the Malawian environment served as physician coders. 
These four physicians were trained in the use of the WHO 10
th
 revision of the International Classification 
of Diseases (ICD-10) list. Physicians first assigned whether the death was “trauma” or “non-trauma” and 
then assigned a specific immediate and underlying cause of death based on verbal autopsy questionnaire 
data. At least two physicians coded each questionnaire and when there was disagreement between the two 
physicians, a third physician provided the tiebreak. The causes of death and whether it was trauma or non-
trauma related assigned by the physicians were coded and entered into a Microsoft Excel database. 
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Hospital cause of death (HCOD): the “gold standard” 
The inhospital cause of death at KCH was recorded by a physician member of the VA study team.  
This physician reviewed the charts of all in-hospital deaths and cause of death assigned by hospital 
personnel. Hospital diagnosis was based on standard guidelines (full medical history) and reflected the 
best judgment of the physician, substantiated by relevant radiological or laboratory investigations. In 
cases where cause of death was not clearly stated by the provider, the VA study physician reviewed 
patient’s presentation, history, exam and all available laboratory and imaging data. The final diagnosis 
was coded based on the VA list of causes of death by the WHO, which the WHO has correlated with 
ICD-10 diagnoses (REF). The physician collecting HCOD data was separate from the physicians 
assigning PCVA and was blinded to those assignments. 
Assessment of Brought In Dead Trauma Burden 
We estimated that the burden of trauma in inpatient deaths was about ten percent based on review 
of which wards patients were coming from in the mortuary register. Using this as a reference point, power 
analysis indicated that we would require over 400 interviews of inpatient deaths to validate the 
UNC/KCH VA questionnaire to assess trauma burden. These interviews were conducted between 12 
April 2010 and 20 December 2010. Following validation, we conducted interviews of only brought in 
dead to the KCH mortuary from 12 March 2011 to 12 June 2011, a three month period.  The validated 
PCVA method was used to assess trauma burden in the brought in dead cohort. 
Ethical approval 
The UNC/KCH Verbal Autopsy Study was reviewed by the University of North Carolina Ethics 
Review Board and was found to not require IRB approval as it did not involve living patients and/or 
biologic samples were not being taken.  It was reviewed by the Malawian National Health Science 
Research Committee (NHSRC) and approved under NHSRC protocol # 743. 
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Data management and statistical Analysis 
HCOD was used as the gold standard for validating PCVA based on the primary cause of death. 
Cause-specific mortality fractions (CSMF) were used to measure agreement at population level and case-
by-case agreement between the methods was measured by Cohen’s kappa [15]. 
Mortality fractions 
Cause-specific mortality fractions (CSMF) were determined as the proportion of all deaths that were 
attributed to a specific cause across the HCOD and the PCVA. 
Cohen’s Kappa statistic 
We used Cohen’s kappa statistic to measure the level of agreement between the PCVA and the 
HCOD (the gold standard) for the underlying causes of death. 
The kappa measure of agreement is stated as: 
 = P(A) – P(E) 
1 - P(E) 
Where P(A) is the proportion of times the raters agreed, and P(E) is the proportion of times the raters 
were expected to agree by chance alone.  Complete agreement corresponds to a kappa of 1, complete 
disagreement corresponds to a kappa value of 0.  A negative value of kappa would mean negative 
agreement. We used the following kappa scale to rate the strength of agreement as described previously 
[16]: a  < 0.21 is considered poor, a  between 0.21 and 0.40 fair, a  between 0.41 and 0.60 moderate, a 
 between 0.61 and 0.80 good, and a  > 0.80 very good. 
All analyses were carried out using Stata version 12 (College Station, TX, USA). 
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Results 
From April to December 2010, 2378 bodies were brought to the KCH morgue. Of these 1957 
were adult deaths, and 1361 were inpatient adult deaths. Four hundred sixty-one deceased family or 
caregivers acquiesced to interviews and of these, 454 had hospital records and were included in the 
analysis (Figure 1). The mean age at death for the inpatient population was 43 years ± 18 years), and 43% 
were male and 57% were female. On the basis of Physician Coded Verbal Autopsy (PCVA), 423 (93%) 
cases were coded with a cause of death and 31 (7%) cases were coded as indeterminate. 
Figure 1: Patient Selection for validation of UNC/KCH Verbal Autopsy (VA) questionnaire 
 
 The majority of deaths were attributed to five categories by both HCOD and PCVA; these were 
Infectious disease, Cardiovascular disease, Injury, Cancer and Gastrointestinal disease. The mortality 
Total Deceased brought to KCH morgue 
12 April 2010 = 20 December 2010 
2378  
Total Adult Deaths 
Inpatient & Brought In Dead 
1957 
Total Adult inpatient deaths 
 from KCH 
1361 
Total Adult deaths 
Brought In Dead 
596 
 
Adult inpatient deaths with VA 
interviews 
461 
 
VA interviews without hospital 
records 
excluded from analysis 
7 
VA interviews with hospital 
records 
included in analysis 
454 
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fractions obtained from PCVA were compared to those cited by HCOD (Figure 2). The PCVA mortality 
fractions were within one percent of the gold standard HCOD for four of the five categories and within 
two percent for the fifth category (gastrointestinal disease). Both PCVA and HCOD designated infectious 
disease as the highest cause of death with PCVA attributing 238 deaths (52.5%) to infectious disease and 
HCOD attributing 236 deaths (52.1%). With regards to injury, PCVA attributed 46 (10.2%) deaths to 
injury, while HCOD designated 47 (10.4%) deaths to injury. (Figure 2) 
Figure 2: Cause specific mortality fractions for 454 adult inpatient deaths 
 
 The Cohen’s Kappa () for trauma versus non-trauma designation between PCVA and HCOD 
had near perfect agreement,  = 0.81 (Standard Error 0.05) and 96.3% agreement (Table 1). However, for 
cause specific code (for example, HIV versus Tuberculosis), the  = 0.21 (Standard Error 0.01) with 
26.2% agreement which is considered fair while for disease categories (for example, infectious disease 
versus cardiovascular disease), the  = 0.65 (Standard Error 0.04) with 79.3% agreement which is 
considered moderate agreement.  
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Between 12 March 2011 and 12 June 2011, VA interviews were conducted for those “brought in dead” 
(BID) to the KCH mortuary, i.e. people who had died outside of the hospital. A total of 962 bodies were 
brought to the mortuary during this period (both adult and child deaths). Of these, 715 (74%) were adult 
deaths and 174 (24%) of the adult deaths were BID, and were brought to the mortuary. Seventy-three 
percent (127 families) of the 174 BID were interviewed. (Figure 3)   
Figure 3: Flowchart for interviews of only Brought In Dead 
 
Total Adult & Child deaths brought to 
KCH morgue 
12 March 2011 = 12 June 2011 
962 
Total Adult Deaths 
Inpatient & Brought In Dead 
715 
Total Adult BID 
174 
KCH Inpatient Adult deaths 
541 
 
Adult BID with VA interviews 
127 
 
 
Table 1: Cohen’s Kappa for PCVA vs. HCOD 
 
Number of 
Records 
Agreement 
Cohen’s 
Kappa 
Strength 
Trauma vs. Non-trauma 
454 
96.3% 0.81 
Almost 
Perfect 
VA cause specific code 454 26.2% 0.21 Fair 
VA category code 454 79.3% 0.65 Moderate 
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The top five categories of mortality were the same for both the inpatient population studied in the 
validation phase and the BID population. (Figure 4) According to Physician Coded Verbal Autopsy 
(PCVA), infectious diseases remained the highest cause of mortality in BID patients followed by injury, 
gastrointestinal disease, cancer and cardiovascular disease. However, injury constituted a higher 
percentage of deaths in the BID population than in the inpatient population. (Table 2) 
Figure 4: Category specific mortality fractions BID versus Inpatient 
 
Based on Physician Coded Verbal Autopsy (PCVA), 13.4% of the BID died due to injury while 
only 10.4% of the inpatient population died due to injury. In addition, of the 47 patients who died due to 
injury in the inpatient population, only 14 (3.1% of the total deaths) were due to road traffic injuries 
(RTIs) or their complications. Whereas of the 17 patients who died due to injury or trauma in the BID 
population, 14 (11% of the total) died due to road traffic injuries, almost three times what was found in 
the inpatient population. 
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Table 2: Burden of Traumatic Injury in Brought-In-Dead Patients 
 
 
 
 
Discussion 
Many previous studies have validated the verbal autopsy methodology for mortality estimation in 
adults [13, 17-19], however we believe this is the first study using this method specifically to assess 
trauma-related adult mortality. Our study shows that Physician Certified Verbal Autopsy (PCVA) method 
can accurately quantify the burden of non-hospital trauma deaths in resource poor settings and provides 
an adjunct to hospital based trauma registries to quantify the burden of trauma in LMIC. 
From a public health standpoint, assessing mortality burden due to a certain disease category 
versus a specific cause of death is most important. The Physician Certified Verbal Autopsy (PCVA) 
method reported category specific mortality within 2% of Hospital Certified Cause of Death (HCOD) for 
the top five categories of mortality. Therefore PCVA had broad agreement with HCOD at the population 
level, providing useful information towards healthcare allocation of resources. 
With regards to trauma burden, PCVA had near perfect agreement with HCOD and only varied 
substantially with regards to specific cause of non-traumatic deaths. This is understandable as the 
majority of deaths in the validation phase were due to infectious diseases and our hospital setting many 
patients present with HIV and other co-infections, therefore it is difficult to ascertain the exact cause of 
death. For our purposes, PCVA provided an accurate assessment of trauma burden based on the validation 
phase. 
 Total Deaths Trauma RTIs 
Inpatient 453 47 (10.4 %) 14 (3.1%) 
Brought-In-Dead 127 17 (13.4 %) 14 (11.0 %) 
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 Upon assessing trauma burden in the brought-in-dead (BID) population, PCVA revealed that the 
burden of injury death in the BID population was similar to that in the inpatient population of the 
validation phase, but the type of injuries were significantly different. The BID population had three times 
the number of deaths due to road traffic injuries (RTIs) than the inpatient population. This intuitively 
makes sense as those who died on the road would not be brought to the hospital. But it also shows that 
hospital based trauma registries significantly underestimate the burden of RTIs and this highlights the 
importance of improved pre-hospital trauma care as a strategy to reduce RTI mortality in addition to 
improving in-hospital trauma care. 
This can be daunting in an environment such as Malawi, with a well-documented dearth of health 
care workers [20].  However, one alternative is basic trauma care training to members of the public, who 
would be the most-likely first responders at a traffic crash. While there is not any definitive data to show 
that this is effective, there are positive findings from studies conducted in Uganda and Sierra Leone [21, 
22]. 
Limitations 
Using verbal autopsy in a resource poor setting presents some key obstacles. First, the language 
and cultural context are different so that the interviewer has to translate the caregiver’s viewpoint to 
answer the specific questions of the questionnaire. In addition, the basis of verbal autopsy validation uses 
hospital cause of death as the “gold standard.” However at KCH, like many other public hospitals in sub-
Saharan Africa, health care workers are overwhelmed and on multiple instances minimal diagnostic 
methods were used to justify the cause of death assigned in the patient chart. For example, adults with 
fever during the rainy season were often written to have died of “malaria” without any documentation of a 
malaria smear or rapid-test being performed. In order to overcome this limitation, one of the authors 
(JSQ) reviewed all the patient charts for the HCOD to ascertain as best as possible that the hospital 
assigned cause of death was reasonable. Taking this into account, the term HCOD as the “gold standard” 
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should be qualified as the “best possible” or “most reasonable” cause of death in a resource limited 
setting. 
Future Directions 
Historically, physician review of the verbal autopsy questionnaire (PCVA) is used to assign cause 
of death. This process is time consuming, particularly in a setting with a dearth of health care providers. 
More recently, probabilistic modeling has been put forward as a viable methodology to infer cause of 
death from a pattern of symptoms. We plan on using InterVA, one probabilistic modeling method that has 
previously been validated [23, 24], to assess whether this is a better method than PCVA to assess trauma 
burden as it is less time consuming.. 
In addition to the RTI data, we expect data from the VA mortuary registry will give a better idea 
of the burden of untreated surgical disease in the community. These findings can help determine the most 
effective surgical diseases to address in the community. At this time it is unclear what role malignancies, 
burn injuries or even congenital malformations have in community deaths. The initial survey of 
community based all cause mortality from the VA study will determine future directions of study. 
Leadership Recommendations 
 Our study shows that verbal autopsy is a valid method to measure trauma mortality. Based on the 
findings regarding road traffic injuries in BID patients, I would make two sets of recommendations. First, 
the difference in RTI mortality between in hospital and brought-in-dead patients (Table 2) shows that pre-
hospital medical care is desperately needed in Malawi. I would begin by starting quarterly training in 
basic trauma life support for ambulance drivers who transport patients between district hospitals and the 
central hospital. These hospital drivers are laymen and their training would segue to offering basic trauma 
life support training to other drivers in the community, such as minibus drivers. Models for layperson 
training in first aid have been proposed to be effective in similar settings such as Uganda [21]. These 
trainings would provide an opportunity for personnel at KCH to share their knowledge about injured 
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patients and prevent some patients from dying en route to the hospital.  
Second, I would share the information on RTI deaths with the KCH administration and Road 
Traffic Council (RTC) of Malawi. The RTC collects information on all road-related deaths using police 
reports. The information collected on BID patients should be compared to RTC information to determine 
how many road traffic deaths occurred in Lilongwe during the study period. In addition, the verbal 
autopsy team should continue working at the KCH mortuary for one year. Subsequently the road traffic 
death information for Lilongwe district should be compared to another similar districts such as Blantyre. 
If Lilongwe district is able to provide more detailed road traffic death information than other districts then 
a case can be made to the Ministry of Health to place verbal autopsy teams at each of the other central 
hospitals (Mzuzu, Zomba, and Queen Elizabeth Central Hospital in Blantyre) to improve cause of death 
information on all deaths but particularly road traffic deaths. This integration of information would be 
coordinated by a group of clinicians, researchers and policymakers whose focus would be to reduce 
trauma burden in Malawi, as well as improve trauma care. This group would also raise public awareness 
about the burden of trauma and encourage the basic life support training of laymen. 
Conclusion 
Verbal autopsy is an important adjunct to hospital based trauma registries to assess the burden of 
trauma in environments without vital registration systems. Our study shows that both pre-hospital and in-
hospital care must be improved to reduce trauma mortality in resource poor settings. 
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